Relations between the total β+ Gamow-Teller (GT+) strength and the E2 strength are further examined. It is found that in shell-model calculations for N =Z nuclei, in which changes in deformation are induced by varying the single-particle energies, the total GT+ or GT− strength decreases monotonically with increasing values of the B(E2) from the ground state to the first excited J π =2 + state. Similar trends are also seen for the double GT transition amplitude (with some exceptions) and for the spin part of the total M1 strength as a function of B(E2).
INTRODUCTION
In Ref. [1] a relation between the B(E2) value from the ground state to the first excited J π =2 + state and the quenching of Gamow-Teller (GT) strength has been pointed out. The quenching we will discuss here is caused by those nuclear structure effects that do not affect the sum rule:
where B t (GT − ) and B t (GT + ) are the (p, n) β − and (n, p) β + GT transition strengths. (We will refer to the quenching of the sum rule value as the quenching due to the renormalization of the GT operator.)
The reduction of the total GT strength, discussed here, is such that it affects the total GT + and GT − strengths in the same additive way and, therefore, cancels out when the difference B t (GT − ) − B t (GT + ) is taken. Because of the Pauli blocking, in nuclei with a neutron excess, the β + branch (σt + ) of a GT transition is usually much weaker than the β − branch. Hence, when the above mentioned quenching occurs, it is more pronounced in the β + transition.
The quenching of the total GT + strength, which concerns us, is due to the presence of multi-particle, multi-hole components in the wave function of the initial and final states, i.e. np-nh with n > 2. In a deformed nucleus, the amount of np-nh admixture is large, so that the 2p-2h space is not sufficient to describe the ground state or transitions from the ground state to the GT states. A full shell-model calculation in an extended space is expected to predict the amount of quenching of the GT strength [2] . However, the possibility of performing such extended shell-model calculations is limited to very few cases.
Various approximation schemes, such as the RPA and, more widely used in this context, the QRPA, describe well only the 2p-2h part of the np-nh space. Consequently, It is important to try and develop a procedure that would enable us to predict the quenching of the GT strength, by finding a relationship of the GT strength to some other observable that is more easily accessible experimentally or theoretically. In the present paper, we extend these calculations to more cases where one is able to perform large-space shell-model calculations of the total GT strength.
The purpose is to confirm the previous conjecture about the above relationship between the total GT + or GT − strength and the B(E2) value, to provide more insight into the origin and to set some limits on the application of this relationship.
THE CALCULATION
Two of the few nuclei that are available for a complete space calculation are 20 Ne and 44 Ti. For these two nuclei, the GT − and GT + strengths are equal
The variable x is a parameter that will enable us to vary the single-particle spacing and, in particular, the spin-orbit splitting. In this manner we are also able to change the nuclear deformation. The value x=0 corresponds to the realistic case used with the above two-body interactions to reproduce the empirical properties of the nuclei under discussion.
It is also instructive to look at the SU(3) limit [6] for these nuclei, by constructing, in this limit, their wave functions and computing their B(E2) values.
In the SU(3) limit, the total GT + and GT − strengths from the ground state of an N =Z nucleus vanish.
In the SU(3) model, the spin-orbit splitting is put to zero, so that the spinorbit partners are degenerate. The spacing between the single-particle states that are not spin-orbit partners are non-zero but have definite values, as given by the diagonal matrix elements of the Elliott, say, quadrupole-quadrupole (Q·Q) interaction.
RESULTS
Our calculated results are given in Table I for 20 Ne and in Table II for 44 Ti. In addition to the total GT + strength B t (GT + ), which we will discuss first, the results for many other quantities for different values of the spin-orbit splitting parameter x are also given in the tables.
In the single j-shell model, in both 20 Ne and 44 Ti, the total GT + strength B t (GT + ) is equal to 6.0. As configuration mixing is introduced, B t (GT + ) is reduced. In the realistic case (i.e. x=0), it is reduced to about 0.55 in 20 Ne and to 1.88 with the MKB (1.27 with the FPD6) in 44 Ti.
As the parameter x is increased, the spacing between the lowest single- The only slight deviation from a monotonic behavior occurs in 20 Ne for the value of x=-1 which corresponds to complete degeneracy in the single-particle spectrum. For comparison, in both tables and in Fig.1 , the B 1 (E2) values for in the SU(3) model are also shown. As remarked earlier, in this limit, the total GT + strength is zero.
Note that the GT + strength from the ground state in 44 Ti to the lowest 
. This is of interest to double-beta-decay calculations and possibly to double-charge-exchange reactions with pions. The A 1 (DGT) values for different choices of x are given in the rightmost column in Tables I and II. In Fig.2 , we show the results for A 1 (DGT) as a function of B 1 (E2). We see that when the Wildenthal [3] and the FPD6 [5] interactions are used for 20 Ne and 44 Ti, respectively, the DGT amplitude A 1 (DGT) decreases monotonically with increasing B 1 (E2). This has been noted previously in Ref. [7] . In this reference, we also found that when the MKB interaction is used, A 1 (DGT) as a function of the single particle splittings deviates slightly from the monotonic behavior for large values of x or small values of B 1 (E2). One can also see this non-monotonic behavior from Table II and Fig.2 .
Note that the DGT amplitude A 1 (DGT) vanishes in both the SU(3) limit and the SU(4) limit, due to the vanishing of the total GT + and GT − strengths from the final N =Z nucleus.
Finally we discuss the results for the total M1 strength. In Tables I and   II, we has recently been well established both experimentally [8, 9] and theoretically [10, 11, 12, 13] . That the total spin M1 strength decreases with increasing nuclear deformation has also been noted previously in Refs. [13, 14] . It was pointed out in Ref. [14] that in the large deformation limit, the spin M1 strength vanishes. Note that the B 1 (M1) values in 44 Ti, which are for the transition to the lowest J π =1 + state alone, are not monotonic with increasing B 1 (E2) (see Table II ).
FURTHER DISCUSSIONS
Let us return to the total GT + strength. The decrease of the total GT + strength B t (GT + ) as a function of the increasing B 1 (E2) values, is quite independent on the kind of interaction used as can be seen from Oscillator model for 20 Ne, the ground state wave function is given by the state in which the excess four nucleons occupy the orbit with (n x =0, n y =0, n z =2). To form a final J π =1 + state, one has to excite one of the nucleons in the intrinsic state to, say, (n x =0, n y =1, n z =1). The spin operator cannot change the spatial wave function. Thus the GT or spin M1 transition matrix elements are zero.
However, the B 1 (E2) value obtained in this model is smaller than, for example, the B 1 (E2) value obtained from the SU (3) wave functions. Nevertheless, we believe that for larger values of the GT + strength, the correspondence between a given B 1 (E2) value and the total GT + strength is better defined and should provide us with a practical way to estimate the quenching of the GT + strength from the measured B 1 (E2) values. We base this conclusion on the fact that the curves shown in Fig.1 show a very similar, quite "universal" behavior.
We emphasize again that the quenching of the total GT + strength that we are addressing here applies also to the total GT − strength in the same additive way. However, since most nuclei have a neutron excess and the total GT − strength is usually much larger than the total GT + strength, our results are more useful in estimating the quenching of the GT + strength in β + transitions.
Recently the total GT + strength was measured in the (n, p) reaction on We thank G. The calculations were performed in the full f p space using the two-body matrix elements of the MKB [4] and of the FPD6 [5] interactions.
Int. signify the points for which actual calculations were performed. The results in the SU(3) limit are also marked. 
